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INTRODUCTION 

Slagging f ixed-bed gasification o f  low-rank coals i s  being investigated a t  the  
Grand Forks Energy Technology Center. I n  support  o f  environmental and waste 
treatment studies, research i s  underway t o  determine the effect of process 
parameters on ef f luent product ion and composition. 

The GFETC gasi f ier  i s  a I ton/hour, p i lot  p lan t  unit. The coal feed moves 
slowly down a shaft  and is  reacted w i th  an oxygen-steam mixture injected through 
fou r  tuyeres into t h e  hearth.  The  produc t  gas ex i ts  t he  gasifier a t  t he  top o f  the 
shaft. Operating parameters tha t  may v a r y  from test  t o  test  are pressure, 100 to  
400 psig; oxygen/ steam molar ratio, 0.9 to  1.1; and oxygen feed rate, 4000 t o  
6000 scfh. Detailed information on the  GFETC p i lo t  p lant  studies has been 
published previously (1-3). 

Tar, oils, water vapor and coal particles are removed from the exi t ing raw 
gas stream in a spray  washer. The l iquids tha t  accumulate in t h e  spray washer 
are sampled periodically. A recent publication (4) describes spray washer 
sampling procedures. Samples considered in th is  repo r t  were collected at  the  end 
o f  t he  test. 

An inherent problem in the  analysis o f  ef f luents from coal conversion 
processes is the complexity o f  the  mixtures. Several schemes have been suggested 
for t h e  analysis and environmental assessment of coal gasification effluents. The 
methodology defined by the  EPA-I ERL/RTP Procedure Manual: Level 1 Environ- 
mental Assessment (5) was applied t o  the  analysis of spraywasher samples. 
Effluent samples produced by gasification o f  th ree  coals a t  a range of conditions 
were used fo r  th is  s tudy .  

EXP E R I MENTAL 

Figure 1 i s  the  flow diagram of the  separations and analyses performed on the  ta r  
and l iquor samples. 

Simulated dist i l lat ion was obtained by FID gas chromatography using 3% 
OV-17, 1/8" x 4' ss columns. The  temperature was programmed from 50 t o  3OOOC 
a t  1O0/m in .  ASTM standard D2887 was used to  establish boi l ing po in t  ranges. 
The extracted organics were separated using gradient elution liquid chromato- 
g raphy .  Silica gel adsorbent was used. Table 1 shows the  solvent sequence fo r  
t he  procedure. 
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FIGURE 1. Apalytical Flow Diagram for  Spraywasher T a r  and Liquor 
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TABLE 1. Solvent Series fo r  

Fraction 
1 

LC Separations 

Solvent Composition 
Pentane 
20% methylene chloride in pentane 
50% methylene chloride in pentane 
Methylene chloride 
5% methanol in methylene chloride 
20% methanol in methylene chlor ide 
50% methanol in methylene chlor ide 
Methanol 

Instruments used in th i s  s tudy  were an AEI MS-30* mass spectrometer, 
Perkin-Elmer 240 elemental analyzer, Leco su l fu r  analyzer, Varian 2400 gas 
chromatograph, and Perkin-Elmer 283 in f ra red  spectrophotometer. 

RESULTS 

End-of-run t a r  and l iquor samples produced from f i ve  gasification tests were 
obtained f o r  th is  s tudy .  The summary o f  coals and operating parameters fo r  these 
tests is shown in Table 2. 

TABLE 2. Summary of Coals and Operating Parameters 

Operating Oxygen Feed 
Pressure Rate Oxygen-Steam 

Run No. Coal/Rank (psig) (scfh) Molar Ratio 

RA-40 Indian Head Ligni te 200 4000 1 .o 
RA-52 Indian Head Ligni te 300 6000 1 .o 
RA-37 Indian Head Ligni te 400 6000 1 .o 
RA-45 Rosebud Subbituminous 200 4000 1.1 
RA-58 Gascoyne Ligni te 300 6000 1.1 

The as-received t a r  contained 28 t o  35% extractable organic material, 0.4 to  
2.0% solids (entrained coal particles) and 63 t o  71% water. The gas chromato- 
graphic analysis o f  t h e  organic extracts i s  shown in Table 3. 

TABLE 3. GC Analysis o f  Organics Extracted from T a r  

Range BP(0C) % o f  Ex t rac t  
RA-40 RA-52 RA-37 RA-45 RA-58 

90 t o  110 0.4 0.1 0 0 1.5 
110 to  140 0.8 0.2 0.1 0 2.4 
140 to  160 0.1 0.6 0.2 0.2 3.3 
160 to  180 1.1 0.6 0.3 0.8 6.8 

2.5 0.8 0.6 1.4 5.0 
200 to  220 10.0 11.6 11.8 7.3 20.0 si, > 220 85.1 86.1 87.0 90.3 61 .O 

* Identif ication of specific brands o r  models i s  done t o  facil i tate understanding 
and does no t  const i tute o r  imply endorsement by the  Department o f  Energy. 
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I 

The distr ibut ion o f  compound classes in the  liquid chromatography separations 
was determined b y  low voltage mass spectrometry and confirmed by infrared 
spectroscopy. Fraction I consists o f  paraf f ins and olefins, mostly branched. 
Fractions 2 and 3 consist pr imari ly o f  naphthalene, C1 and C2 naphthalenes, and 
C1 biphenyl  o r  C1 acenaphthene. Fractions 4 and 5 consist p r imar i l y  of C1 
acenaphthylene o r  C1 fluorene, phenanthrene, anthracene, C1 and C phenan- 
threne, C and C anthracene, fluoranthene, pyrene, and C pyrene. &actions 6 
and 7 corlsist pdmar i l y  of C napthols, 
carbazole, C2, C , and C pyhdines, phenol, and Ca, C 2 ,  and C3 p6enols. No 
specific assignmet?ts were Aade t o  the  compounds in fr ction 8 The resul ts of the  
liquid chromatography separations of the organics extracted from the  t a r  are shown 
in Table 4. 

andC3 indoles, naphthol, k1 and C 

TABLE 4. LC Analysis o f  Organics Extracted from Tar  

Fraction( s) % o f  Ex t rac t  
RA-40 RA-52 RA-37 RA-45 RA-58 

1 10.3 11.4 9.0 12.0 13.0 
2,3,4 32.3 29.9 27.8 33.9 41 .O 
5,6,7 51.8 57.4 61.7 48.6 45.3 

8 5.6 1.3 1.5 5.5 0.7 

Liquor 

Runs RA-40, RA-45, and RA-58 l iquor yielded from 1200 to  2050 ppm solvent 
extractable organics. It i s  unl ikely tha t  the  majority o f  organics were extracted 
since the  total organic carbon f o r  these l iquors ranges from 6550 t o  7800 ppm. 
The gas chromatography analysis o f  the  extracted organics i s  shown in Table 5. 

TABLE 5. GC Analysis o f  Organics Extracted from Liquor 

Range BP(0C) % o f  Ex t rac t  
RA-40 RA-45 RA-58 

90 t o  110 0 0 0.4 
110 t o  140 0 0 0.7 
140 to  160 0 0 1.3 
160 to  180 0 0 2.5 

0.1 0 3.2 
200 to  220 16.1 11.5 7.8 

83.9 88.5 84.0 

The l iquid chromatography separations o f  t he  organic ex t rac t  were no t  useful 
in def in ing specific classes o f  compounds. There  was a considerable amount of 
over lap in the  compounds found in fractions 5 th rough 8. These fract ions consist 
pr imari ly o f  C4 and C benzenes, C1 and C pyr id ines, C2 and C phenols, 
quinolines, naphthols, 5phenanthrene, anthracege, binaphthyl ,  and t%iophenes. 
These assignments were made by mass spectrometry and in f ra red  spectroscopy. 
The l iquid chromatography analysis o f  t he  extracted organics i s  shown in Table 6. 
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TABLE 6. LC Analysis of Organics Extracted from Liquor 

Fraction(s) % o f  Extract  
RA-40 RA-45 RA-58 

1 0 0 1.6 
2,3,4 0 . 4  0 .4  8 . 3  
5,6,7 80.8 89.2 83.0 

8 18.8 10.2 7.1 

Tar  Solids 

The solids were found t o  contain a h igher  percentage o f  mineral matter than 
the original coal feed. The  relative proport ion o f  n i t rogen and su l fu r  was also 
higher in the solids. For RA-45, the  coal feed contained 0.85% nit rogen and 1.81% 
su l fu r ;  the  solids contained 3.32% nit rogen and 2.42% su l fu r .  Table 7 shows t h e  
ultimate analyses o f  t h e  ta r  solids and the feed coals. 

TABLE 7. Comparison of Ta r  Solids w i th  Feed Coal 

RA-40 RA-45 RA-58 
feed ta r  feed ta r  feed ta r  
coal solids coal solids coal solids 

Ultimate Analysis*, p c t  
C 64.42 65.34 64.23 58.99 62.14 63.05 
H 4.35 4.11 4.31 1.49 4.39 3.05 
N 0.85 3.32 1.01 1.46 0.84 1.21 
S 1.81 2.42 2.05 3.59 1.42 1.74 
O(by d i f f )  18.23 13.77 13.06 0.66 18.06 10.22 

Ash 10.34 11.04 15.34 33.81 13.15 20.73 

*moisture-free basis 

DISCUSSION 

Tar  Characterization 

The variation observed in the  amount o f  organic material extracted from the 
t a r  phase is  consistent w i th  experimental e r ro r  in sampling. The procedure fo r  
obtaining ta r  samples has been described previously (4).  The phase separation of 
t a r  from l iquor depends on operator judgement in observing the  interface between 
two dark ly  colored phases. Ta r  extract ion data f o r  runs  40, 45, and 58 shows a 
re lat ive standard deviation o f  6.01% for  t he  amount of water. Three other runs  
made with Indian Head l igni te a t  200 ps i  and 4000 scfh oxygen ra te  showed a 
relat ive standard deviation of 6.47% f o r  water content. Thus  the  var iat ion between 
Samples of d i f fe ren t  coals tested a t  d i f fe ren t  gasification conditions is nearly 
identical t o  t h a t  fo r  replicate runs  w i th  the  same coal. 

The boi l ing po in t  d is t r ibu t ion  o f  the  t a r  ex t rac t  shows d is t inc t  differences 
when comparing ta rs  obtained from d i f fe ren t  coals gasified under same conditions. 
For example, a comparison of Rosebud and Indian Head gasified a t  200 psi  shows 
t h e  t a r  from Indian Head to  be comprised o f  more lower boil ing materials. The 
cumulative boil ing po in t  d is t r ibu t ion  shows tha t  46% of  Indian Head t a r  has disti l led 
b y  254'C and 87% by 343O, while the  comparable f igures f o r  Rosebud ta r  are 34% 
and 76%. Of these two coals, Indian Head contains the greater amount o f  volatile 
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matter on an maf basis. A similar ef fect  was observed f o r  ta rs  f rom gasification o f  
Gascoyne and Indian Head lignites a t  300 psi: Gascoyne contains a greater amount 
of volati le matter and produces more low boi l ing compounds in the  ta r .  

A comparison o f  t he  boil ing po in t  d istr ibut ions o f  ta rs  produced from 
gasification o f  Indian Head l igni te a t  d i f fe ren t  pressures shows tha t  t h e  effect of 
increasing gasification pressure is  to sh i f t  t he  boil ing point  d is t r ibu t ion  downward. 
For example, t h e  temperatures a t  which 75% of  the  t a r  has dist i l led d rop  from 
316OC for  t a r  produced a t  200 psi, to  287' f o r  300 psi, and t o  271' for  t a r  
produced a t  400 psi. The fract ion corresponding t o  phenol (180-2OO0C) decreases 
w i th  increasing gasification pressure, as shown previously (7) f o r  a high- 
pressure, low-temperature carbonization process in the  SFBG. 

The  amounts o f  t he  f ract ions obtained in t h e  l iquid chromatographic 
separations of the t a r  were correlated w i th  gasification conditions and coal 
composition. The treatment used followed the  fractional factor ia l  analysis 
procedures given by Lipson and Sheth (8). Since the  absolute numerical values o f  
the factors va ry  over  several o rders  o f  magnitude -from thousands o f  scfm f o r  
oxygen feed rates t o  one or  two percentage un i ts  f o r  coal n i t rogen and su l fu r  - 
comparisons were made on the  basis o f  percentage changes in each factor.  

The  amounts o f  fractions 1 (paraf f ins and olefins), 2-4 (aromatics), and 5-7 
(polar compounds) depend most heavi ly on the  maf carbon content o f  t he  coals. 
Both the  paraffins and olefins and the  aromatics show a d i rec t  correlation wi th maf 
carbon, while t h e  polar compounds v a r y  inversely.  These resul ts demonstrate tha t  
as more carbon is added to  the  molecular framework o f  the  coal proport ionately 
fewer oxygen or  ni t rogen functional groups wil l be  present; hence as the  coal 
undergoes pyrolysis o r  hydrocracking in the  carbonization zone o f  t he  SFBG (9) 
re lat ively fewer polar species wil l be formed. Correlation of the  amounts of one 
LC fract ion vs. another show tha t  t he  paraf f ins and olefins are d i rec t l y  propor-  
tional to  the  aromatics, b u t  t ha t  both the  paraf f in-olef in and the  aromatic fractions 
va ry  inversely wi th t h e  polar f ract ion.  

When the effect of maf carbon content in the  coal i s  removed statistically (81, 
no other factors were found t o  influence the  amount of t he  paraf f in-olef in fraction. 
The amount of the aromatic fraction, corrected fo r  the  ef fect  of carbon, shows a 
d i rec t  correlation w i th  the  amount o f  hydrogen in t h e  produc t  gas. A recent 
publication (IO) descr ib ing the  detailed mass spectroscopic analysis o f  SFBG tars  
also demonstrated such a correlation f o r  the  concentrations o f  many of t he  aromatic 
compounds. The amount o f  the  polar f ract ion showed no other correlations above 
the  80% confidence limit. 

W i t h  respect t o  the  amount o f  t he  v e r y  polar f ract ion ( f ract ion 8) no factors 
were found to  display bo th  a large slope and greater than 80% confidence 
correlation. 

L iquor Characterization 

The  amount o f  organic material extractable f rom t h e  l iquor accounted f o r  on ly  
18 to  28% of the total organic carbon content o f  the  samples. The  amount o f  
extractable material shows an inverse correlation w i th  the  maf oxygen content of 
the  coal. As t h e  oxygen content o f  the  coal increases, more compounds with polar 
functional groups should appear in the  organic effluents; these compounds should 
dissolve in the l iquor and in turn be resistant to  extract ion in to  relat ively non- 
polar solvents. The  amount o f  extractable organic material when added t o  the  
"phenols" as determined by gas chromatographic analysis of f i l te red  l iquor (11) 
agrees well with t h e  total organic carbon content. For example; in the  l iquor  
produced dur ing  gasification of Rosebud coal, phenols accounted f o r  75.9% o f  t h e  
TOC and the  extractable organics, 28.3%. 
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The boi l ing po in t  d istr ibut ions o f  l iquor organic extracts from gasification of 
Indian Head (RA-40), Rosebud, and Gascoyne are similar. The most appreciable 
difference is  t h a t  t h e  ex t rac t  from l iquor produced in gasification o f  Gascoyne 
l igni te is t he  only one of t h e  th ree  samples containing material boi l ing below 196OC. 
The l iquid chromatographic separation of the ex t rac t  f rom Gascoyne l iquor was the 
on ly  one showing material in the  paraf f in-olef in and aromatic fractions. 

A correlation o f  the  amounts of f ract ions in the  l iquid chromatographic 
separations w i th  gasification conditions and coal composition was performed in the 
same manner as f o r  t h e  t a r  extracts.  On ly  t h e  polar and polar fractions were 
considered, and only t h e  th ree  samples from runs  40, 45, and 58 were used. 

The major factor af fect ing the amount o f  both f ract ions is the  maf carbon 
content o f  the  coal. The  polar f ract ion correlates d i rec t l y  w i th  maf carbon; the 
v e r y  polar f ract ion thus  shows an inverse correlation, since these two fractions 
account f o r  90 t o  99% o f  the  total material in the  l iquor o r  organic extract .  

Solids Characterization 

A comparison o f  t h e  ultimate analysis of solids recovered from the  t a r  samples 
w i th  tha t  o f  the  respect ive coals shows tha t  in al l  cases the  t a r  solids contain 
greater amounts o f  n i t rogen and su l fu r  than the  coals. Since these solids are coal 
particles which d id  n o t  descend th rough the  ent i re SFBG shaft  to  the  gasification/ 
combustion zone th i s  f i nd ing  suggests tha t  compounds o f  carbon, hydrogen, and 
oxygen are more easily formed in the  carbonization zone whereas ni t rogen and 
su l fu r  linkages are more resistant to  cleavage o r  reaction. 

The ash in the  solids recovered from t a r  from Indian Head gasification shows 
an enrichment on sodium, magnesium, sul fur ,  and i ron  when compared w i th  the ash 
o f  t h e  feed coal. As-yet unpubl ished work on the  volatization of ash components 
in t h e  SFBG gasification/combustion zone has shown tha t  sodium, magnesium, and 
su l fu r  are the  most volati le o f  t he  ash components. 

In the  case o f  bo th  l ignites, the  mole f ract ions o f  t he  pr incipal  basic oxides 
essentially balance those o f  t he  silica and su l fu r  t r ioxide. The inorganic solids are 
therefore a mix tu re  o f  alkali and alkaline ear th  silicates and sulfates. The ash 
from the solids recovered from Rosebud t a r  does no t  display such a balance. A 
petrographic classification b y  the  Niggl i  method (12) shows tha t  f ree quar tz  should 
be present, suggest ing t h a t  t he  inorganic solids in th i s  case are a mixture of 
alkali and alkaline ea r th  sulfates w i th  quar tz  part ic les.  

CONCLUSIONS 

The carbon content o f  t he  coal p lays the  most predominant role in determining 
the  relative amounts of compound types  in the  organic extracts from ta r  and 
l iquor.  A n  increase in maf carbon wil l increase t h e  percentage o f  paraf f ins and 
olefins and aromatics in the  t a r  and wil l increase the  percentage o f  polar 
compounds in t h e  l i quo r  extract .  The polar f ract ion in the  t a r  ex t rac t  decreases 
as maf carbon in the  coal increases. The  oxygen content of the  coal correlates 
inversely w i th  the  amount o f  organic material extractable f rom t h e  l iquor.  Since 
the  carbon content o f  t he  coal i s  of g rea t  importance in determining the  molecular 
framework, and since the  oxygen is the  major cont r ibu tor  t o  heteroatomic 
functional groups, these resul ts show tha t  the  e f f luen t  composition is dependent 
upon the molecular s t ruc tu re  of t he  coal. Other coal-specific characteristics o f  the 
SFBG effluents include the  volat i l i ty  of the t a r  and t h e  nature o f  the  inorganic 
materials ex i t ing  the  gasi f ier  in t h e  raw gas. 

a 

I 



Research on the  development of detailed relationships between coal Composition 
o r  s t ruc tu re  and ef f luent composition is  continuing. The resul ts of t h i s  s tudy  
indicate the  desirabi l i ty  o f  test ing a wide var ie ty  o f  coals in the  SFBG t o  augment 
the  data base on  ef f luent characteristics. 
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